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(54) Apparatus and method for reception of optical signal 



(57) An optical signal receiving apparatus capable 
of substantially instantaneously and stably discriminat- 
ing the logic from the header of a kxirst-like optical sig- 
nal comprising a pre-amplifier circuit Ibr amplifying an 
output from a photodiode receiving cell signals, a 
dummy side variable gain amplifying unit for performing 
the gain control by feedback control with respect to the 



output from the pre-amplrfier circuit and outputting the 
gain at that time as gain information, a memory unit for 
holding the gain information, and a signal side variable 
gain amplifying unit for performing the gain control by 
feedfoward control by using the gain set by the gain 
information and outputting the amplified signal. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention s 

[0001] The present invention relates to an optical sig- 
nal receiving apparatus and method. 
[0002] Along with the development of multimedia tech- 
nology, optical communication using optical fbers has 
been rapidly spreading. Particularly, white optical com- 
munication hithertofore had mainly spread at the trunk 
line side, in the future optical communication will mainly 
spread at the subscriber side for realizing liber to the 
home" (FTTH) systems. The "subsaiber side" referred 
to here includes rK>t only individual subscribers (users), 
but also local area networks (LANs) etc. 
[0003] In for example a passive optical network (PON) 
transmission system, the subscriber side is constituted 
by an optical splitter (star coupler) connected to the 
office side equipment via a common optical fiber trans- 
mission line and a plurality of units of subscriber side 
equipment individually connected to this optical splitter 
via individual optical fiber transmission lines. Here, 
downstream optical transmission from the office side 
equipment to each subscriber side equipment is carried 
out by continuously transmitting cell signals, while 
upstream optical ti-ansmission from the plurality of units 
of subscriber side equipment to the ofFlce side equip- 
ment is carried out by using time slots allotted to the 
units of sut^scriber side equipment in advance and 
transmitting the cell signals of each subscriber in a 
burst-like manner in a time division mode in units of 
cells each having a fixed bit length. 
[0004] Looking at the latter upstream optical transmis- 
sion, the office side equipment receives tiie bursts of 
cell signals from the optical transmission apparatuses of 
the units of subscriber side equipment. The present 
invention relates to an optical signal receiving apparatus 
which receives the burst-like cell signals in the office 
side equipment. This optical signal receiving apparatus 
receives cell signals having different levels of received 
light for every time slot due to the difference of transmis- 
sion loss of the individual optical fiber transmission 
lines. Therefore, the automatic gain control (AGC) for 
this becomes important subjects. 

2. Description of the Related Art 

[0005] As will be explained in detail below referring to 
the drawings, there are the following problems in the 
related art. 

[0006] Since the optical signal receiving apparatus 
receives the cell signals having different amplitude lev- 
els in bursts for every subscriber, the optical signal 
receiving apparatus has to instantaneously determine 
the optimum detection state for each amplitude of the 
incoming cell signals, that is. the optimum gain. 



[0007] However, the optical signal receiving apparatus 
must be given a considerably large range of variation of 
gain control in order to cope with burst-like cell signals 
having a wide dynamic range. As a result, the instanta- 
neous response of the optical signal receiving appara- 
tus to the burst-like cell signals is deteriorated. In order' 
to deal with this deterioration of the instantaneous 
response, it is necessary to secure a transient time 
region (period) until the gain stabilizes at the optimum 
value. 

[0008] In the state where no cell signal has yet arrived, 
for example, the optical signal receiving apparatus waits 
on standby at the maximum gain. When a cell signal 
arrives during this standby state, the optical signal 
receiving apparatus first amplifies the input signal with 
its maximum gain and then lowers the gain if the level of 
the amplified signal is larger than the optimum value. It 
then waits for stabilization of the gain. Usually, at least 
1 0 bits worth of time is necessary until the gain is stabi- 
lized. When the dynamic range of the cell signals 
becomes larger, the range of variation of the gain is 
enlarged and therefore the number of bits must be fur- 
ther increased. That is. the transient response region is 
Increased. 

[0009] Due to the above explained control of the gain 
at every time of reception of signal, there is sometimes 
an overshoot at each rising edge of the amplified signal 
from the later explained variable gain amplifier circuit. 
During the occurrence of this overshoot, the signal is 
not the inherent amplified signal, so it is difficult to cor- 
rectiy discriminate between the logics "1" and "0" at the 
following discrimination circuit. 
[001 0] The region of above difficulty of discrimination 
is the follow-up period up to the stabilization to the opti- 
mum gain, that is. a training period. In the related art. 
each cell signal has a data region for the training added 
to its front position as a header. A data region added as 
a header in this way does not contribute at all to tiie 
region of the cell signals for transfer of data as inherent 
information. In the end, therefore, there is a problem of 
a reduction of the transmission efficiency of the trans- 
mission system as a whole. 

SUMMARY OF THE INVENTION 

[0011] Accordingly, in consideration with the above 
problems, an object of the present invention is to pro- 
vide an apparatus and method for detection of an opti- 
cal signal capable of causing tiie gain to quickly stabilize 
at the optimum gain without accompanying transient 
response (overshoot) at the time of reception of each 
cell signal. 

[0012] To attain the above object, the present inven- 
tion provides an optical signal receiving apparatus 
capable of substantially instantaneously and stably dis- 
criminating the logic from the header of a burst-like opti- 
cal signal. This apparatus comprises a pre-amplrfier 
drcuH for amplifying an output from a photodiode 
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receiving cell signals, a dummy side variable gain ampli- 
fying unit for performing the gain control by feedback 
control with respect to the output from the pre-amptif ier 
circuit and outputting the gain at that time as gain infor- 
mation, a memory unit for holding the gain information, 
and a signal side variable gain amplifying unit for per- 
forming the gain control by feedfoward control by using 
the gain set by the gain information and outputting the 
amplified signal. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] The above object and features of the present 
invention will be more apparent from the following 
description of the preferred embodiments with reference 
to the accompanying drawings, wherein: 

Fig. 1 is a view of the basic configuration of the 
present invention; 

Fig. 2 is a view for explaining the principle of the 
present invention: 

Fig. 3 is a step diagram showing a method for 
reception of an optical signal according to the 
present invention; 

Fig. 4 is a view more concretely showing amplifying 
units 21 and 23 shown in Fig. 1 ; 
Fig. 5 is a view of a further concrete first embodi- 
ment of the circuit configuration shown in Fig. 4; 
Fig. 6 is a view of a second embodiment according 
to the present invention; 

Fig. 7 is a view for explaining a discrimination level 
generating means 51 , in which (A) and (B) are input 
waveform and output waveform diagrams of a vari- 
able gain amplifier circuit 44; 
Fig. 8 is a first part of a view of a third embodiment 
according to the present invention; 
Fig. 9 is a second part of a view of the third embod- 
iment according to the present invention; 
Fig. 10 is a waveform diagram for explaining a DC 
level deviation of differential outputs from the varia- 
ble gain amplifier circuit; 

Fig. 1 1 is a waveform diagram for explaining a low 
frequency level variation; 

Fig. 12 is a first part of a view of a fourth embodi- 
ment according to tiie present invention; 
Fig. 13 is a second part of the view of the fourth 
embodiment according to the present invention; 
Fig. 14 is a first part of a view of a modified fourth 
embodiment according to the present invention; 
Fig. 15 is a second part of the view of the modified 
fourth embodiment according to the present inven- 
tion; 

Fig. 1 6 is a first part of a view of a fifth embodiment 
according to the present invention; 
Fig. 17 is a second part of the view of the fifth 
embodiment according to the present invention; 
Fig. 18 is a view of an example of tiie variak^e gain 
amplifier circuit; 



Fig. 19 is a view schematically showing an example 
of the transmission system to which the present 
invention is applied; 

Fig. 20 is a view of the configuration of an optical 
5 signal receiving apparatus of the related art; 

Rg. 21 is a view of an example of the waveform of 
an input signal Sjn applied to an AGC stage; 
Fig. 22 is a waveform diagram of signals of principal 
parts in Fig. 20. in which (A) and (B) are views of an 
10 input waveform to and output waveform from a var- 
iable gain amplifier circuit 14, and (C) is a view of 
the output waveform of a discrimination circuit 19; 
and 

Fig. 23 is a view for explaining the problems of the 
15 related art, in which (A) is a view of the cell signals 
CL. (B) is a view of the gain, and (C) is a view of an 
amplified signal Sa. 

DESCRIPTION OF THE PREFERRED EMBODI- 
20 MENTS 

[0014] Before describing the embodiments of the 
present invention, the related art and the disadvantages 
therein will be described with reference to the related 
25 figures. 

[0015] Figure 19 is a view schematically showing an 
example of a transmission system to which the present 
invention is applied, that is. the PON transmission sys- 
tem explained before. 

30 [0016] In the figure. 1 denotes office side equipment 
which constitutes a trunk line side in cooperation with 
the other office side equipment 1 shown at the right side 
in the figure. On the other hand, the equipment 1 consti- 
tutes a subscriber side in cooperation with a plurality of 

35 units of subscriber side equipment (#1. #2 ... #n) 5 
shown at the left side in tiie figure. The present inven- 
tion relates to the latter subscriber side. 
[0017] At the subscriber side, a downstream optical 
transmission is performed from the office side equip- 

40 ment 1 to each subscriber side equipment 5, while the 
reverse upstream optical transmission is performed 
from each subscriber side equipment 5 to the office side 
equipment 1 . The present invention relates to the latter 
upstream optical transmission. 

45 [0018] This upstream optical transmission is carried 
out by transmitting cell signals CL from an optical trans- 
mission unit (indicated by electrical/optical converter 
""B/C in the figure) 6 in each subscriber side equipment 
5 and a wavelength division multiplexer (WDM) 7 pro- 

50 vided with a filtering function for preventing mutual inter- 
ference with the downstream optical transmission. Cell 
signals CL pass through individual optical fber trans- 
mission lines 8, the optical splitter (star coupler SC) 4, 
and a common optical fiber transmission line 9 common 

55 to the plurality of units of subscriber side equipment 5 to 
reach the office side equipment 1 . On this common opti- 
cal fiber transmission line 9. celt signals CL from the 
units of subscriber side equipment 5 are transferred in 
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bursts. Note that, in the downstream transmission from 
the office side equipment 1 to the subsaiber side equip- 
ment 5. continuous cell signal trains are sent through 
the transmission lines 9 and 8. 

[001 9] In the upstream optical transmission, the burst- 
like cell signals CL reaching the office side equipment 1 
are received at the receiving apparatus (indicated by the 
opticat/etectrical converter "O/E") 2 via the wavelength 
division multiplexer (WDM) 3 in the office side equip- 
ment 1. There, the logics "1" and "0" of the data con- 
tained in each cell signal CL is discriminated. The 
present invention will describe this optical receiving unit 
2. This will be referred to as the "optical signal receiving 
apparatus". In this apparatus, the optical cell signals are 
received in bursts. 

[0020] Figure 20 is a view of the configuration of an 
optical signal receiving apparatus of the related art. 
Optical cell signals CL from the subscriber side are first 
received at a photodiode 1 1 located at an input stage of 
the optical signal receiving apparatus 10, converted to 
electrical cell signals there, and further pass through a 
pre-amplifier circuit 12. Automatic gain control Is applied 
to the amplitude of each cell signal at an intermediate 
AGO stage resulting in cell signals having a substan- 
tially constant amplitude. The discrimination circuit 19 
located at an output stage of the optical signal receiving 
apparatus 10 discriminates the logics "1" and ''O" form- 
ing each cell signal and provides a complementary dig- 
ital output ("1 " / "0"). Note that this digital output Is given 
to for example a tatter retiming circuit (not illustrated) for 
establishing bit synchronization. 
[0021] Figure 21 is a view of an example of the wave- 
form of the input signal S|n applied to the AGC stage. 
Cell signals from the units of subscrit)er equipment 5 
(#1, #2 ... #n) shown in Fig. 19 have different transmis- 
sion losses as mentioned above, therefore the magni- 
tude of amplitude of each is different. In this way, even if 
the discrimination circuit 19 discriminates the logics '^l" 
and "0" of the input signals Sjp. each having different 
amplitudes, by a fixed discrimination level (threshold) 
from a discrimination level generating circuit 18, correct 
discrimination cannot be carried out. 
[0022] Therefore, in Fig. 20. the input signals Sjn from 
the pre-amplifier circuit 12 are all made to have the 
same amplitude for all of input signals from the sub- 
scribers so as to enable correct discrimination. This is 
done by the AGC stage. 

[0023] The AGC stage, as shown in Fig. 20. is consti- 
tuted by a variable gain amplifier circuit 14 receiving the 
input signal Sj^, a peak detection circuit 15 forming a 
feedback loop with respect to this circuit 14. a gain con- 
trol amplifier circuit 16. arKi a gain reference generating 
circuit 17. 

[0024] The peak det ~ ction circuit 1 5 constantly moni- 
tors the amplified signal Sa from the variable gain ampli- 
fier circuit 14 and detects the peak value thereof. In 
order to make this detected peak value P converge to 
the gain reference Rg given from the gain reference 
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generating circuit 1 7. a gain control amplifier circuit 1 6 is 
provided. This circuit 1 6 controls the gain of the variable 
gain amplifier circuit 14 teased on the peak value P and 
the gain reference Rg. An AGO feedback loop is formed 
5 here. 

[0025] Figure 22 shows the waveforms of signals of 
principal parts in Fig. 20. in which (A) and (B) are views 
of the input waveform and output waveform of the varia- 
ble gain amplifier circuit 14 and (C) is a view of the out- 
10 put waveform of the discrimination circuit 19. Note that 
the waveforms of the parts (1 ), <2>. ... (9> in Fig. 20 
are indicated by the corresponding numbers < 1 > . (2 ) . 
... <9) inPig. 22. 

[0026] The waveform < 1 > in (A) of Fig. 22 is the wave- 
rs form of the input signal Sjp and the inverted output 
waveform of the photodiode 1 1 . A DC level generating 
circuit 13 supplies the level <2) substantially equal to 
the "0" level of this waveform < 1 ) to the variable gain 
amplifier circuit. 
20 [0027] The variable gain amplifier circuit 14 receiving 
the inputs shown in the above < 1 >and <2>outputs the 
complementary amplified signal Sa shown in (B) of the 
same figure as the waveforms <3)and <4). The peak 
value P of the amplified signal Sa having the waveform 
25 ( 3 > is detected at the peak detection circuit 1 5. This is 
the waveform <5>. This peak value P is controlled via 
the variable gain control amplifier circuit 16 so that the 
difference Ap from the gain reference Rg from the gain 
reference generating circuit 17 indicated by the wave- 
so form < 6 ) always converges to 0. Namely, AGC feedback 
control is carried out so that the peak value P coincides 
with the gain reference Rg. Thus, the input signals Sj^ 
all become the annplif ied signal Sa maintained at a con- 
stant amplitude irrespective of from which subscriber 
35 the signal is sent. 

[0028] The logics "1" and "0" contained in the ampli- 
fied signal Sa are discriminated at the discrimination cir- 
cuit 1 9. The result becomes as shown in (C) of the same 
figure. Note that an alternating pattern of "I** and **0" is 
40 shown as one example. 

[0029] Figure 23 is a view for explaining the problems 
of the related art mentioned above, and in which (A) is a 
view of tiie cell signals CL. (B) is a view of the gain, and 
(0) is a view of the amplified signal Sa. Namely. (A) 
45 shows the input waveform to the photodiode 11, (B) a 
gain of the variable gain amplifier circuit 14. and (C) the 
output waveform of the circuit 14. Note that (A) is equiv- 
alent to Fig. 21 explained above. 
[0030] As shown in (A) of Fig. 23. tiie optical signal 
50 receiving apparatus 10 receives cell signals CL having 
different amplitude levels for every sut)scriber in bursts, 
therefore the apparatus 10 is required to instantane- 
ously determine the optimum state of reception for each 
amplitude of incoming cell signals CL. that is, the opti- 
55 mum gain. 

[0031] As explained above, however, in order to han- 
dle burst-like cell signals having a wide dynamic range, 
the range of variation of the gain control in ttie optical 
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signal receiving apparatus 10 must be made considera- 
bly large. As a result, the instantaneous response with 
respect to the burst-like cell signals of the optical signal 
receiving apparatus 10 is deteriorated. In order to deal 
with such a deterioration of the instantaneous response, 
it is necessary to secure a transient time region (period) 
until the gain is stabilized to the optimum value. 
[0032] Referring to (B) of Fig. 23. in the state where 
no cell signal has yet arrived, for example, the optical 
signal receiving apparatus 10 waits on standby at the 
maximum gain ("maximum gain** in the figure). When a 
cell signal CL arrives in this standby state, the optical 
signal receiving apparatus 10 first amplifies the input 
signal Sjp with its maximum gain and then lowers the 
gain if the level of the amplified signal Sa is larger than 
the optimum value. Then, it waits for stabilization of the 
gain. Usually, at least 10 bits worth of time is necessary 
until the gain is stabilized. When the dynamic range of 
the cell signals becomes larger, the range of variation of 
the gain is enlarged and therefore the number of bits 
must be further increased. That is. the transient 
response region is increased. Note that, in (B) of Fig. 
23, in a state where no cell signal CL has yet arrived, 
the case of waiting on stand-by at a maximum gain is 
shown, but conversely it is also possible to wait on 
stand-by at the minimum gain. In any case, each time 
the reception of a cell signal is completed, the gain is set 
again to the maximum or minimum gain (refer to "reset" 
of (B) in the figure). 

[0033] Since the gain is controlled at the time of each 
signal reception as explained above, there is sometimes 
an overshoot (OS), shown in (C) of Fig. 23, at each ris- 
ing edge of the amplified signal Sa from the variable 
gain amplifier circuit 14. During the period when this 
overshoot occurs, the signal is not the inherent ampli- 
fied signal Sa. so it is difficult to correctly discriminate 
between the logics "1" and "0" at the following discrimi- 
nation circuit 19 ( "discrimination difficulty" in the figure). 
[0034] The region of the above discrimination difficulty 
is a follow-up period until stabilization to the optimum 
gain, that is. a training period. In the related art. each 
cell signal CL has a data region for the training added to 
its front position as a header. The data region added as 
the header in this way does not contribute at ail to the 
region of the cell signals CL for transfer of data as inher- 
ent information. In the end. there Is the aforementioned 
problem of a reduction of the transmission efficiency of 
the entire transmission system. 

[0035] Accordingly, the present invention provides an 
apparatus and method for reception of an optical signal 
capable of quickly stabilizing the gain to the optimum 
gain without accompanying transient response (over- 
shoot) at the time of reception of each cell signal. 
[0036] Figure 1 is a view of the basic configuration of 
the present Invention. Note that similar constituent ele- 
ments are indicated by the same reference numerals or 
symbols throughout all of the figures. Accordingly, the 
constituent elements introduced by the optical signal 



receiving apparatus 20 according to the present inven- 
tion shown in the figure are a dummy side variable gain 
amplifying unit 21. a memory unit 22. and a signal side 
variable gain amplifying unit 23. 
5 [0037] This optical signal receiving apparatus 20 com- 
prises the fbllowving constituent elements as a whole. 
Namely, it comprises: 

a pre-amplifier circuit 12 for amplifying the output 

10 from a photodiode 1 1 receiving the cell signal CL 
transmitted from each subscriber; 
a dummy side variable gain amplifying unit 21 for 
receiving the output, as an input signal Sjn. from the 
pre-amplifier circuit 12, performing a gain control 

15 with respect to the output by feedback control and 
outputting the gain control signal, as the gain infor- 
mation Ig, when a dummy amplified signal having a 
predetermined output amplitude is generated; 
a memory unit 22 for hokJing the gain information 

20 Ig; and 

a signal side variable gain amplifying unit 23 for 
receiving the output, as an input signal Sjn, from the 
pre-amplifier circuit 12. performing a gain control 
with respect to the output by feedfbward control by 

25 using the gain set by the gain Information Ig from 
the memory unit 22 and outputting the amplified 
signal Sa having the predetermined output ampli- 
tude. 

30 [0038] Figure 2 is a view explaining the principle of the 
present Invention, in which (A) shows the celt signals. 
(B) shows the dummy side gain, (C) shows the signal 
side gain, and (D) shows the amplified signal. Note that, 
(A), (B), and (D) of the figure correspond to (A). (B). and 

35 (D) of Fig. 23 mentioned above. 

[0039] Assume that the cell signals CL as shown in (A) 
of Fig. 2 are transmitted from the subscribers (#1 , #2 ... 
#n) at timings (time slots) assigned to respective sub- 
scribers. The amplitude of each cell signal CL is differ- 

40 ent due to individual transmission loss of each 
subscriber. 

[0040] When such a cell signal CL is once amplified at 
the pre-amplifier 12 to obtain the input signal S|n and 
then the amplified signal Sa is produced which has the 

45 predetermined output amplitude at the variable gain 
amplifying circuit 14 of the related art, as shown in (C) 
of Fig. 23. an overshoot 05 occurs making correct dis- 
crimination of the logic difficult. Therefore, it is required 
to quickly stabilize the gain to the predetermined opti- 

50 mum gain. 

[0041 ] (B) of Fig. 2 shows the variation of the gain Gd 
in the dummy side variable gain amplifying unit 21 
shown in Fig. 1 . This is exactly the same as the variation 
of the gain in the optical signal receiving apparatus 10 of 

55 the related art explained by referring to (B) of Fig. 23. 
Here, the reason for use of the term "dummy side" is 
that the amplified signal (dummy amplified signal) pro- 
duced In this variable gain amplifying unit 21 Is not used 
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as the signal to be discriminated in the following dis- 
crimination circuit 19. i.e. it is not utilized as an inherent 
amplified signal. 

[0042] However, the gain information Ig concerning 
the gain Gd obtained at this dummy side variable gain 
amplifying unit 21. particularly, a stable gain Gd 
obtained near the end of each cell signal CL. is effec- 
tively utilized as the gain information Ig. For example, for 
the cell signal CL from the subscriber #1 of (B) of Fig. 2. 
the stable gain Gd is picked up as indicated by the bro- 
ken line circle In (B) in the latter half of the cell signal 
and stored and held in an area corresponding to the 
subscriber #1 in the memory unit 22 as the gain infor- 
mation Ig. 

[0043] In the PON transmission system, however, the 
office side equipment 1 has predetermined sequence 
information. This sequence information determines the 
sequence of from which subscriber (#1 . #2 ... #n) and at 
which timing (time slot) the cell signal CL is to be trans- 
mitted. 

[0044] Then, as shown in (A) of Fig. 2, it is known from 
the sequence irrformation that the optical signal receiv- 
ing apparatus 20 receives the cell signal CL from for 
example the subscriber #1 at the timing shown at the 
left end in the figure and receives the next cell signal CL 
from the subsaiber #1 at the tinning shown at the right 
end in the figure. Therefore, since it is seen that the cell 
signal CL from the subscriber #1 is received at the tim- 
ing shown at the right end in the figure, as shown in (C) 
of the figure, at the start of the timing, the stabilized gain 
Gd shown in (B) of the figure learned at the time of 
reception of the cell signal CL received immediately 
before, is read from the memory unit 22 as the gain 
information Ig. This Gd Is set as the gain of the signal 
side variable gain amplifying unit 23 (refer to "set" of (C) 
of the figure). 

[0045] Thus, as shown in (C) of Fig. 2, the gain for 
obtaining the amplified signal Sa having the predeter- 
mined output amplitude in the optical signal receiving 
apparatus 20 becomes substantially the optimum gain 
from the start of each burst. Here, looking at the same 
subscriber, note is taken of the fact that the optimum 
gain obtained at immediately preceding burst timing 
does not change so much from the optimum gain which 
will be obtained at the current burst timing. 
[0046] As a result, the obtained amplified signal Sa 
becomes as shown in (D) of Fig. 2. As seen here, the 
problem of the overshoot OS appearing at the start of 
each burst shown in (C) of Fig. 23 is solved. 
[0047] The above principle of the present invention 
can be applied to a method of receiving an optical sig- 
nal. 

[0048] Figure 3 is a step diagram of the method of 
receiving an optical signal according to the present 
invention. This includes the following three steps: 

Step SI : Reception of the optical cell signal CL at 
the photodiode 1 1 and conversion to an electrical 
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input signal Sin- 

Step S2: Amplification of the input signal S|n with a 
variable gain Gd by the feedback control, produc- 
tion of a dummy amplified signal having a predeter- 
mined output amplitude, and storage of gain 
information Ig indicating the gain. 
Step S3: Amplification of the subsequentiy received 
input signal Sjp with the gain Gd indicated by the 
gain information Ig by feedfoward control and gen- 
eration of an amplified signal Sa having a predeter- 
mined output anplitude. 



[0049] The optical signal receiving apparatus 20 fur- 
ther has a discrimination circuit 19 vt/hich receives as its 

15 input the amplified signal Sa output from the signal side 
variable gain amplifying unit 23 as shown in Fig. 1 . dis- 
criminates the logics "1" and "0" of this amplified signal 
Sa, and produces a digital output. 
[0050] Figure 4 is a view showing the anrplifying units 

20 21 and 23 shown in Fig. 1 in more detail. In the figure, 
the dummy side variable gain amplifying unit 21 com- 
prises a dummy side variable gain amplifier circuit 31 
which receives and amplifies the input signal Sjn and a 
dummy side gain control amplifier circuit 41 for forming 

25 a feedt>ack loop FB with respect to this dummy side var- 
iable gain amplifier circuit 31 . It outputs the gain Gd 
given from this dummy side gain control amplifier circuit 
41 to the dummy side variable gain amplifier circuit 31 to 
the memory unit 22 as the gain information Ig. 

30 [0051 ] On the other hand, the signal side variable gain 
amplifying unit 23 comprises a variable gain amplifier 
circuit 33 which receives and amplifies the input signal 
Sjn and a gain setting unit 43 which reads the gain infor- 
mation Ig held in the memory unit 22 and sets the gain 

35 Gs by a feedfoward (FF) control with respect to this var- 
iable gain amplifier circuit 33. 

[0052] Figure 5 is a view of a more specific first 
embodiment of the circuit configuration shown In Fig. 4. 
[0053] First, looking at the dummy side variable gain 

40 amplifying unit 21 . the dummy side variable gain ampli- 
fier circuit 31 of Fig. 4 and the dummy side gain control 
amplifier circuit 41 are disposed at positions indicated 
by reference numerals 31 and 41 in Fig. 5, respectively. 
As apparent when compared with the above Fig. 20, the 

45 dummy side variable gain amplifying unit 21 has exactly 
the same configuration as that of the AGC stage in the 
optical signal receiving apparatus 10 of the related art. 
Note that the dummy side variable gain amplifying unit 
21 according to the present invention is configured to 

50 supply the gain Information Ig to the signal side variable 
gain amplifying unit 23 side. 

[0054] Next, looking at the signal side variable gain 
amplifying unit 23, the variable gain amplifier circuit 33 
and gain setting unit 43 of Rg. 4 are disposed at posi- 
55 tions indicated by reference numerals 33 suid 43 in Rg. 
5, respectively. 

[0055] The variable gain amplifier circuit 33 is consti- 
tuted by the variable gain amplifier circuit 44 comprising 
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a differential amplifier circuit as illustrated. Further, the 
gain setting unit 43 comprises an A/D converter 45, a 
processor 46, and a D/A converter 47. 
[0056] In more detail, the signal side variable gain 
amplifying unit 23 includes the memory unit 22 and, at s 
the same time, has an A/D converter 45 for converting 
analog gain \nformat\on Ig to digital gain information Ig, 
a processor 46 for writing the digital gain information Ig 
from this A/D converter 45 Into the memory unit 22, and 
a D/A converter 47 for converting the gain information io 
read from the memory unit 22 via this processor 46 to 
analog gain information. 

I0057J The processor 46 accesses the memory unit 
22 whenever a cell signal CL is received and. at the 
same time, reads the gain information Ig held immedi- 75 
ately before for the related subscriber when receiving a 
cell signal CL from each subscriber according to the 
above sequence information held in it or the above 
sequence information given from the outside and sets 
the gain of the circuit 33 in the signal side variable gain 20 
anplifying unit 23. 

[0058] Figure 6 is a view of a second embodiment 
according to the present invention. The difference from 
the above first embodiment resides in that an automatic 
discrimination (threshold) level control means 51 for giv- 2S 
ing a discrimination level to discriminate the logics "1" 
and "0" of the amplified signal Sa. is added to the dis- 
crimination circuit 19. The automatic discrimination level 
control means 51 provides not a fixed discrimination 
level, but a variable discrimination level. More specifi- 30 
cally, as shown in Fig. 6. it comprises a peak detection 
circuit 52 and a bottom detection circuit 53 for respec- 
tively detecting the maximum level and minimum level of 
the amplified signal Sa output from the signal side vari- 
able gain amplifying unit 23 and a voltage dividing dr- 3S 
cuit 54 for producing a substantially intermediate 
voltage of the output voltages from the peak detection 
circuit 52 and the bottom detection circuit 53 and using 
the voltage as the variable discrimination level. These 
form an ATC (automatic threshold control) circuit as a 40 
whole and enable a further improvement of the preci- 
sion of the logic discrimination operation. This will be 
explained using Fig. 7. 

[0059] Figure 7 is a view for explaining the automatic 
discrimination level control means 51. (A) and (B) are 45 
views of the input waveform and output waveform of the 
variable gain amplifier circuit 44. Referring to (A) of the 
figure, there is sometimes a discrepancy in the ampli- 
tude of the input waveform (8^) of the variable gain 
amplifier circuit 44 between the previous burst timing so 
and current burst timing. This may be caused for exam- 
ple by an abrupt change of the loss of the transmission 
line and an abrupt change of the ambient temperature. 
[0060] As shown In (B) of the figure, there is a discrep- 
ancy between the set output amplitude in the figure ss 
(output amplitude of the amplified signal Sa) set accord- 
ing to the previous gain information Ig and the actual 
oulput amplitude (current output amplitude). In the 



example of the figure, it shifts to a higher level. Need- 
less to say a similar operation is performed even in a 
case where the amplitude shifts to a lower level. 
[0061] In such a case, when discriminating the logic 
with the fixed discrimination level as shown in the first 
embodiment (Fig. 5). the level deviates (ATH) from the 
ideal discrimination level which is the center value of the 
amplitude (between peak and bottom). In the example 
of the figure, the ideal discrimination level is the discrim- 
ination level TH shifted upward by the amount of ATH. 
[0062] In order to produce this ideal discrimination 
level TH, the peak detection level corresponding to the 
above peak and the bottom detection level correspond- 
ing to the above bottom are found at the peak detection 
drcuit 52 and the bottom detection circuit 53 shown in 
Fig. 6, respectively. A predetermined divided value in 
voltage between the peak detection level and the bot- 
tom detection level is found at the voltage division circuit 
54 to obtain the foeal discrimination level. The dividing 
value is preferably 1/2. 

[0063] Note that at the point of time when the ampli- 
tied signal Sa is output from the signal side variable gain 
amplifier circuit 44, the signal is sufficiently amplified. 
Also, the dynamic range of amplitude is small. There- 
fore, the error of the peak detection value is small. Fur- 
ther, this peak detection can be sufficiently started up in 
about 1 bifs worth of time, so there is almost no effect in 
lowering the transmission efficiency 
[0064] Further, in this second embodiment, while a 
pre-amplifier circuit of wkJe dynamic range (DR) is used 
as the pre-amplifier circuit 12, it is also possible to use a 
usual pre-annplifier circuit as in the first embodiment 
(Fig. 5). 

[0065] Furthermore, common to all of the embodi- 
ments, provision is made of a DC level generating circuit 
13 for applying a DC level substantially equal to an out- 
put level corresponding to the logic "0" from the pre- 
amplifier circuit 12 at one of the differential inputs of the 
dummy side variable gain amplifier circuit 14. 
[0066] Further, provision is made of a DC level gener- 
ating circuit 13 for applying a DC level substantially 
equal to an output level corresponding to the logic "0" 
from the pre-amplifier circuit 12 at one of differential 
inputs of the variable gain amplifier circuit 44. 
[0067] Preferably, a single circuit is used commonly for 
these two DC level generating circuits. 
[0068] Figure 8 and Fig. 9 are first ard second parts 
of a view of a third embodiment according to the present 
invention. 

[0069] In the embodiment, a modification of the DC 
level generating circuit (13) is shown. The DC level gen- 
erating circuit supplies a fixed reference voltage at one 
of differential inputs of the differential amplifier circuits 
forming the variable gain amplifier circuits 14 and 44. 
However, if the reference voltage is fixed, there is some- 
times an inconvenience due to an offset peculiar to the 
differential amplifier circuit and error of the DC level 
generating circuit per se. This will be explained by refer- 
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ring to Fig. 10. 

[0070] Figure 1 0 is a waveform diagram for explaining 
the DC discrepancy of the differential outputs from the 
variable gain amplifier circuit. In a similar waveform dia- 
gram shown in Fig. 22. the level of the logic "0** output s 
from one of the differential outputs of the gain amplifier 
circuit (14 and 44) and the level of the logic "0" output 
from the other coincide with each other. However, due to 
the offset or error, a DC discrepancy is sometimes pro- 
duced between the above two logic "0" levels. This is 
indicated by ADC in the f igure. 

[0071] The third embodiment has the following config- 
uration in order to minimize this DC discrepancy ADC to 
zero. 

[0072] Provision is made of a dummy side DC feed- 
back unit 61 connected to one of the differential inputs 
of the dummy side variable gain amplifier circuit 14. This 
is used for making the output level corresponding to the 
logic "0" from one of the differential outputs of this 
dummy side variable gain amplifier circuit 14 and the 
output level corresponding to the logic "0" from the other 
of the differential outputs of this dummy side variable 
gain amplifier circuit 14 coincide. 
[0073] Further, provision is made of a DC feedback 
unit 63 connected to one of the differential inputs of the 
variable gain amplifier circuit 44. This is used for making 
the output level corresponding to the logic "0" from one 
of the differential outputs of this variable gain amplifier 
circuit 44 and the output level corresponding to the logic 
"0" from the other of the differential outputs of this varia- 
ble gain amplifier circuit 44 coincide. 
[0074] Both of the dummy side DC feedback unit 61 
and the DC feedback unit 63 have the same configura- 
tion. In the figure, as one example, a configuration com- 
prising bottom detection circuits (64, 67), peak 
detection circuits (65, 68), and DC control amplifier cir- 
cuits (66. 69) for performing DC feedback so as to make 
the difference between outputs from these circuits zero 
is shown. 

[0075] Note that, in Fig. 8. the bottom detection circuit 
53 for the ATC circuit shown in Fig, 6 is commonly used 
for the bottom detection circuit 67 so as to simplify the 
circuit. Needless to say another bottom detection circuit 
can be used when the design of the time constant etc. is 
different. 

[0076] Looking at the pre-amplifier circuit 12 in the 
third embodiment, an example where a wide dynamic 
range (DR) pre-amplifier circuit is also adopted is 
shown. The wide DR pre-amplifier circuit 55 avoids a 
saturation of the circuit 55 by turning on the transistor 56 
connected to the input of the circuit 55 and by-passing 
the current when an excess Input current is generated 
from the photodiode 1 1 . Therefore, it can operate in a 
wide input dynamic range. 

[0077] Next, the problem of low frequency level varia- 
tion will be studied. 

[0078] Figure 1 1 is a waveform diagram for explaining 
the low frequency level variation. The explanation here- 



tofore was predicated on the t>ase level of the burst opti- 
cal signal, that is, the base level of the input signal Sjp. 
being constant. However, the k^ase level is not constant 
but is sometimes accompanied by a low frequency level 
variation as shown in B of Fig. 1 1 . This is because, for 
example, a low frequency monitor signal is sometimes 
sent from the office side equipment 1 so as to monitor 
the state etc. of each subscrlk>er or measure a distance 
up to each subscriber. This is mixed with the burst opti- 
cal signal and causes a variation of the level of the base 
level portion. 

[0079] In order to deal with such a low frequency level 
variation, in the fourth emkxxliment, the configuration 
shown in Figs. 12 and 13 is adopted. 
[0080] Figure 1 2 and Rg. 1 3 are first and second parts 
of a view of the fourth embodiment according to the 
present invention. 

[0081 ] This fourth embodiment is characterized in that 
a base level detection circuit is introduced in place of the 
DC level generating circuit 13 of the first embodiment. 
This detects an output level corresponding to the logic 
"0" from the pre-amplifier circuit 1 2 and gives this to one 
of the differential inputs of the dummy side variable gain 
amplifier circuit 14. Then, it gives an output level corre- 
sponding to the logic "0" to one of the differential inputs 
of the variable gain amplifier circuit 44. 
[0082] For this reason, it brings such an advantage 
that the t>ase level detection circuit can effectively detect 
also the low frequency level variation. This will be 
explained in further detail. 

[0083] The dummy side variable gain amplifier circuit 
14 comprises a differential amplifier circuit receiving the 
input signal S^n at one of differential inputs. The input 
stage of this dummy side variable gain amplifier circuit 
14 is provided with a base level detection circuit 81 
which can detect the low frequency level variation con- 
tained in the base level of the input signal Sjn and apply 
this to the other of the differential inputs of the differen- 
tial amplifier circuit, 

[0084] Further, the variable gain amplifier circuit 44 
comprises a differential amplifier circuit receiving the 
input signal Sjn at one of Its differential Inputs. The input 
stage of this variable gain amplifier circuit 44 is provided 
with a base level detection circuit 81 which can detect 
the low frequency level variation contained in the base 
level of the Input signal Sjn and apply this to the other of 
the drfferentiat inputs of the differential amplifier circuit. 
[0085] Preferably, above one circuit is commonly used 
for the two base level detection circuits as illustrated. 
Note that the input signal S^ is the output of the pre- 
amplifier circuit 12, so has a waveform obtained by ver- 
tically reversing the waveform shown in Fig. 11. Accord- 
ingly, the base level detection circuit 81 is realized as for 
example a peak detection circuit detecting the peak of 
the input signal Sjn. Note that, as mentioned above, the 
base level detection circuit gives an "0" level of the input 
signal in place of the DC level generating circuit of 
the first embodiment therefore effectively operates 
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even in a case of no low frequency monitor signal. 
[0086] Thus, a low frequency level variation (B of Fig. 
1 1) is extracted from the base level detection circuit 81 . 
If the variation level is used as each reference voltage of 
the variable gain amplifier circuits 1 4 and 44, the low fre- 
quency level variation component can be eliminated 
from the input signal Sjn- 

[0087] When the low frequency level variation is due 
to the low frequency monitor signal and it is necessary 
to extract this, the low frequency monitor signal is output 
through a sample holding circuit 82 and low-pass filter 
circuit 83 shown in Fig. 1 3. Note that, there is a possibil- 
ity of disturbance of the signal waveform in the header 
of each cell signal (packet), therefore the signal is pref- 
erably input to the sample holding circuit (82) and low- 
pass filter circuit 83 at the latter half of each packet at 
which the signal waveform is stabilized as much as pos- 
sible. When the disturbance of the waveform in the 
header is small, the sample holding circuit may be elim- 
inated. 

[0088] Further, the present embodiment shows an 
example of a configuration provided with a dummy side 
offset cancel feedback unit 71 and an offset cancel 
feedback unit 73. Note that these offset cancel feedback 
units may be used in the other embodiments as well 
except the third embodiment. 

[0089] The dummy side offset cancel feedback unit 71 
is connected to the offset cancel control input of the 
dummy side variable gain amplifier circuit 14 and used 
for making the output level corresponding to the logic 
"O** from one of the differential outputs of this dummy 
side variable gain amplifier circuit 14 and the output 
level corresponding to the logic "0" from the other of the 
differential outputs of this dummy skle variable gain 
amplifier circuit 14 coincide. 

[0090] Further, the offset cancel feedback unit 73 is 
connected to the gain control input of the variable gain 
amplifier circuit 14 and used for making the output level 
corresponding to the logic "0" from one of the differential 
outputs of this variable gain amplifier circuit 44 and the 
output level corresponding to the logic "0" from the other 
of the differential outputs of this varlak)le gain amplifier 
circuit 44 coincide. 

[0091 ] Note that the offset cancel control input will be 
shown in detail in the later Fig. 18. 
[0092] In some cases, a DC discrepancy ADC similar 
to that shown in Fig. 10 is produced due to the output 
error of the base level detection circuit 81 and the offset 
peculiar to the variable gain amplifier circuits (14, 44). 
The offset cancel feedback units (71 . 73) are introduced 
so as to reduce this to zero. 

[0093] Both of the dummy side offset cancel feedback 
unit 71 and the offset cancel feedback unit 73 have the 
same configuration. In the figure, as one example, a 
configuration is shown comprising bottom detection cir- 
cuits (74. 77). peak detection circuits (75, 78), and DC 
control amplifier circuits (76. 79) performing DC feed- 
back so as to reduce the difference between outputs 
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from these circuits to zera 

[0094] Figure 1 4 and Fig. 1 5 are first and second parts 
of a view of a modified fourth embodiment according to 
the present Invention. 

5 [0095] In this modified fourth embodiment, the output 
of the DC control amplifier circuit 79 shown in Rg. 12 is 
fed back to one of the differential inputs of the differen- 
tial amplifier circuit forming the variable gain amplifier 
circuit 44 by introducing a first resistor R1 and a second 

10 resistor R2 as shown in Rg. 14. Similarly the output of 
the DC control annpllfier circuit 76 shown in Fig. 13 is fed 
t)ack to one differential input of the differential amplifier 
circuit forming the variable gain amplifier circuit 14 by 
introducing a third resistor R3 and a fourth resistor R4 

75 as shown in Fig. 15. 

[0096] Figure 1 6 and Rg. 1 7 are first and second parts 
of a view of a fifth embodiment according to the present 
invention. 

[0097] The characteristic feature of the fifth embodi- 
ed ment resides in the provision of a low frequency level 
variation eliminating means 91 for absorbing the low fre- 
quency level variation contained in the base level of the 
input signal Sj^ before the Input signal Sjn is Input to the 
dummy side variable gain amplifying unit 31 and the sig- 
25 nal side variable gain amplifying unit 33. 

[0098] This low frequency level variation eliminating 
means 91 receives the input signal Sin ^^^^ the pre- 
amplifier circuit 12 directly or via the differential amplifier 
circuit 96 performing linear amplification as illustrated 
30 and negatively feeds back the low frequency level varia- 
tion (B) to the input of the pre-amplrfier circuit 12. 
[0099] This low frequency level variation eliminating 
means 91 comprises a low frequency level variation 
detection unit 92 provided on the output side of the pre- 
35 amplifier circuit 12 and a first voltage controlled current 
source 93 directly connected to the photodlode 11 
according to the illustrated example, and a control volt- 
age is applied, in accordance with the low frequency 
level variation detected by the low frequency level varia- 
40 tlon detection unit 92, to the first voltage controlled cur- 
rent source 93 to draw a current In accordance with the 
low frequency level variation from the Input side of the 
pre-amplifier circuit 12. 

[01 00] The low frequency level variation detection unit 
45 92 is constituted by, as one example, a bottom detection 
circuit 97, a peak detection circuit 98, and a DC control 
amplifier circuit 99 for applying feedback so as to reduce 
the difference between the outputs from these circuits to 
zero. 

so [01 01 ] Further, provision is made of a second voltage 
controlled current source 94 controlled by the control 
voltage in accordance with the low frequency level vari- 
ation detected by the low frequency level variation 
detection unit 92 and a cunrent/voltage transforming cir- 

55 cult 95 for generating a voltage proportional to the 
drawn cun^ent by this second voltage controlled current 
source 94. The low frequency level variation Is extracted 
via a low-pass filter circuit 100 by this current/voltage 
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transforming circuit 95. This low frequency level varia- 
tion is just the low frequency monitor signal mentioned 
atx)ve. 

[01 02] Figure 1 8 is a view of an example of the varia- 
ble gain amplifier circuit. The above variable gain ampli- 
fier circuits (14. 44) can be constituted as shown in the 
figure It comprises a variable gain amprrfying unit 1 10 
as a main part and an offset adjustment unit 120 and 
bias unit 130 attached to this. Note that the offset 
adjustment unit 1 20 is unnecessary for the first, second, 
third and the modified fourth embodiments shown in 
Fig. 14 and Fig. 15. 

[0103] Referring to the variable gain amplifier circuit 
14 shown in Fig. 12 as a representative case, the offset 
cancel control input receiving the output from the DC 
control amplifier circuit 79 is indicated as the offset can- 
cel control input (+, -) 121 in Fig. 18. 
[0104] The inherent gain control input from the gain 
control amplifier circuit 16 is indicated as the gain con- 
trol inputs 111 and 1 12 of Fig. 18. 
[0105] The differential inputs of the variable gain 
amplifier circuit 14 are indicated as signal inputs 113 
and 114. 

[0106] The main part of the variable gain amplifying 
unit 110 comprises a large gain differential transistor 
pair 115 and a small gain differential transistor pair 116. 
[0107] The final amplified signal is taken out as Sa 
shown at the center of Fig. 18. 
[0108] In the end, by controlling the amount of current 
(i in the figure) to be drawn from each source side of the 
differential transistor pairs 115 and 116 and controlling 
the amount of current (I in the figure) to be drawn from 
each drain side thereof, the gain can be set to an 
intended value. 

[0109] As explained above, according to the present 
invention, when cell signals CL transmitted from the 
subscribers in bursts in units of packets are received at 
the office side equipment, the logic can be substantially 
instantaneously and stably discriminated from the 
header for any cell signal CL. Therefore, the training bit 
train added to the header of each packet in the related 
art becomes unnecessary, so the transmission effi- 
ciency of the entire transmission system is rapidly 
improved. 

Claims 

1 . An optical signal receiving apparatus comprising : 

a pre-amplifier circuit for amplifying an output 
from a photodiode receiving cell signals trans- 
mitted from subscribers; 
a dummy side variable gain amplifying unit 
receiving as its input signal the output from said 
pre-amplifier circuK. performing the gain control 
by feedback control, and outputting the gain 
control signal when a dummy amplified signal 
having a predetermined output amplitude is 
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produced as the gain information; 
a memory unit for holding said gain informa- 
tion; and 

a signal side variable gain amplifying unit 
5 receiving as its input signal the output from said 

pre-amplifier circuit, performing the gain corrtrol 
by feedfbward control by using the gain set by 
said gain information from said memory unit, 
arxi outputting the amplified signal having the 
10 predetermined output amplitude. 

2. An optical signal receiving apparatus according to 
claim 1 . further having a discrimination circuit for 
receiving as its input said amplified signal output 

IS from said signal side variable gain amplifying unit, 
discriminating the logics "1" and "0" of the amplified 
signal, and generating a digital output. 

3. An optical signal receiving apparatus according to 
20 daim 1, wherein said dummy side variable gain 

amplifying unit comprises 

a dummy side variakile gain amplifier circuit for 
receiving said input signal and amplifying the 

25 same and 

a dummy side gain control amplifier circuit for 
forming a feedback loop with respect to said 
dummy side variable gain anplifier circuit and 
also outputs the gain given from the dummy 

30 side gain control amplifier circuit to the dummy 

side variable gain amplifier circuit to said mem- 
ory unit as said gain information. 

4. An optical signal receiving apparatus according to 
35 claim 1. wherein said signal side variatile gain 

amplifying unit comprises: 

a variat)le gain amplifier circuit for receiving 
said input signal and amplifying the same; and 
40 a gain setting unit for setting the gain, under a 

feedfoward control, by reading said gain infor- 
mation held in said memory unit for said varia- 
ble gain amplifier circuit. 

45 5. An optical signal receiving apparatus according to 
daim 2, wherein: 

said discrimination circuit Is provided with an 
automatic discrimination level control means 
50 for giving a discrimination level for discriminat- 

ing the logics "1" and "0" of said amplified sig- 
nal; and 

said automatic discrimination level control 
means comprises 
55 a peak detection circuit and bottom detection 

circuit for respectively detecting the maximum 
level and minimum level of said amplified signal 
output from said signal side variable gain 
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amplifying unit and 

a voltage dividing circuit for generating a prede- 
termined divided voltage of each output voltage 
from said peak detection circuit and bottom 
detection circuit and producing said discrimina- 
tion level. 

6. An optical signal receiving apparatus according to 
claim 3, wherein provision is made of a DC level 
generating circuit for applying a substantially equal 
DC level to an output level corresponding to the 
logic "0" from said pre-amplH ier circuit at one of the 
differential inputs of said dummy side variable gain 
amplifier circuit. 

7. An optical signal receiving apparatus according to 
claim 4, wherein provision is made of a DC level 
generating circuit for applying a substantially equal 
DC level to an output level corresponding to the 
logic "O" from said pre-amplif ier circuit at one of the 
differential inputs of said variable gain amplifier cir- 
cuit. 

8. An optical signal receiving apparatus according to 
claim 3. wherein provision is made of a base level 
detection circuit for detecting an output level corre- 
sponding to the logic "0" from said pre-amplifier cir- 
cuit at one of the differential inputs of said dummy 
side variable gain amplifier circuit. 

9. An optical signal receiving apparatus according to 
claim 4. wherein provision is made of a base level 
detection circuit for detecting an output level corre- 
sponding to the logic "0" from said pre-amplifier cir- 
cuit at one of the differential inputs of said variable 
gain amplifier circuit. 

10. An optical signal receiving apparatus according to 
claim 3, wherein provision is made of a dummy side 
DC feedback unit connected to one of the differen- 
tial inputs of said dummy side variable gain ampli- 
fier circuit and used for making the output level 
corresponding to the logic "0" from one of the differ- 
ential outputs of the dummy side variable gain 
amplifier circuit and the output level corresponding 
to the logic "C* from the other of the differential out- 
puts of the dummy side varieU^le gain amplifier cir- 
cuit coincide. 

11. An optical signal receiving apparatus according to 
claim 4, wherein provision is made of a DC feed- 
back unit connected to one of the differential inputs 
of said variable gain amplifier circuit and used for 
making the output level con^esponding to the logic 
"0** from one of the differential outputs of the varia- 
ble gain amplifier circuit and the output level corre- 
sponding to the logic "0" from the other of the 
differential outputs of the variable gain amplifier cir- 
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cuit coincide. 

12. An optical signal receiving apparatus according to 
claim 3, wherein provision is made of a dummy side 

5 offset cancel feedback unit for making the output 

level corresponding to the logic **0" from one of the 
differential outputs of said dummy side variable 
gain amplifier circuit and the output level corre- 
sponding to the logic "0" from the other of the differ- 

10 ential outputs of the dummy side variable gain 
amplifier circuit coincide. 

13. An optical signal receiving apparatus according to 
claim 4, wherein provision is made of an offset can- 

15 eel feedback unit for making the output level corre- 
sponding to the logic "0" from one of the differential 
outputs of said variable gain amplifier circuit and 
the output level corresponding to the logic "0" from 
the other of the differential outputs of the variable 

20 gain amplifier circuit coincide. 

14. An optical signal receiving apparatus according to 
claim 1, wherein said signal side variable gain 
amplifying unit includes said memory unit and has 

25 an A/D converter for converting said anatog gain 
information to digital gain information, a processor 
for writing the digital gain information from the A/D 
converter into said memory unit, and a D/A con- 
verter for converting the gain information read from 

30 the memory unit via the processor to said analog 
gain information. 

15. An optical signal receiving apparatus according to 
daim 14, wherein said processor accesses said 

35 memory unit whenever said ceil signal is received 
and reads said gain information held immediately 
before for each subscriber, when receiving said cell 
signal from each sutjscriber according to sequence 
information held in It or sequence information given 

40 externally, and thereby sets the gain of said signal 
side variable gain amplifying unit. 

16. An optical signal receiving apparatus according to 
daim 8, wherein said base level detection circuit 

45 acts as a circuit for detecting the k)w frequency 
level variation contained in the base level of seud 
input signal. 

17. An optical signal receiving apparatus according to 
so daim 9, wherein said base level detection circuit 

acts as a drcuit for detecting the bw frequency 
level variation contained in the base level of said 
input signal. 

55 18. An optical signal receiving apparatus according to 
daim 1. wherein provision is made of a low fre- 
quency level variation eliminating means for 
absorbing the low frequency level variation con- 
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tained in the base level of said input signal before 
the input signal is input to said dummy side variable 
gain amplifying unit and said signal side variable 
gain amplifying unit. 

5 

19. An optical signal receiving apparatus according to 
claim 1 8. wherein said low frequency level variation 
eliminating means comprises 

a low frequency level variation detection unit io 
provided on an output side of said pre-ampiif ier 
circuit and 

a first voltage controlled cunrent source serially 
connected to said photodlode. where the con- 
trol voltage is applied, in accordance with the 75 
low frequency level variation detected by said 
low frequency level variation detection unit, to 
said first voltage controlled current source and 
the current is drawn, in accordance with the low 
frequency level variation, from the input side of so 
said pre-amplifier circuit. 

20. An optical signal receiving apparatus according to 
claim 19, wherein provision is further made of 

25 

a second voltage controlled current source 
controlled by a control voltage in accordance 
with the low frequency level variation detected 
by said low frequency level variation detection 
unit and 30 
a cun'ent/voltage transforming circuit for pro- 
ducing a voltage proportional to the drawn cur- 
rent by said second voltage controlled current 
source and 

said low frequency level variation is extracted 35 
by the currentA/oltage transforming circuit. 

21 . A method for receiving an optical signal comprising: 

a first step of receiving optical cell signals at a 40 
photodiode and transforming the same to elec- 
trical input signals; 

a second step of anplifying said input signal 
with a variable gain by feedback control and 
generating a dummy amplified signal having 45 
predetermined output amplitude and storing 
the gain information indicating the gain; and 
a third step for amplifying a subsequently 
received input signal with said gain indicated in 
said gain information by feedfoward control and so 
generating an amplified signal having a prede- 
termined output amplitude. 
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